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(57) Abstract 

The present invention penains to non-aqueous electrolyte solvents which comprise a non-symmetrical, non-cyclic sulfone and which 
are suitable for use in secondary electric cunent producing cells. ITie present inventiMi also pertains to electrolyte elements comprising 
such soWents, electric cunent producing cells comprising such ekcirolyte elements, and methods for making such electric current producing 
cells. More paiticularty, the present inventin pertains to electrolyte elements comprising a non-aqueoos electrolyte solvent, which solvent 
comprises a non-symmetrical, noiv-cyclic sulfone of die general foimula R'-SOi-R^ wherein R' and R^ are independently linear or 
branched alkyi or partially or ftilly Bnorinated linear or branched alkyl groups having 1 to 7 carbon atoms, wherein R' and are different, 
and wherein SOt- denotes the sulfone group. 
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NON-AQUEOUS ELECTROLYTE SOLVENTS FOR SECONDARY CELLS 
TECHNICAL FIELD 

5 

The present invention pertains generally to the field of non-aqueous electrolyte 
solvents for use in secondary electric current producing cells incorporating negative 
electrodes comprising highly reactive alkali metals or ions. More particularly, the present 
invention pertains to non-aqueotis electrolyte solvents which comprise a non-symmetrical, 
10 non-cyclic sulfone and "wiuch. are suitable for use in secondary electric current producing 
cells. The present invention also pertains to electrolyte elements comprising such solvents, 
electric current producing cells comprising such electrolyte elements, and methods for 
making such electric cunoat producing cells. 

15 BACKGROUND 

Throughout this i^lication, various publications, patents, and published patent 
plications are referred to by an identifying dtation. The disclosuies of ttie publications, 
patents, and published patent specifications referenced in Has application are hereby 
20 incorporated by reference into ^present disclosure to more fiiUy describe the state of the 
art to vAdch the invention pertains. 

As the rapid evolution of batteries continues, and in particular as secondary electric 
batteries such as litiuum-ion and lithium metal batteries become more vndely accepted for 

25 a variety of uses, fte need for safis, long lasting (greater than 200 cycles) rechargeable cells 
becomes increasingly inqjottant U.S. Pat Nos. 5,460,905; 5,462^66; 5,582.623; and 
5487,253 describe the basic elements and performance requirements of secondary lithium 
batteries and their con^KxiBnts. A key issue in Ha development of high enogy secondary 
batteries is the choice of the electrolyte element to inqnove the cycle life and safety of the 

30 battery. 

One of the many problems encountered in the process of producing electrolyte 
elements is that there is a difficulty in obtaining good cycling efficiency, cycle life, and 
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safety of the cells due to the reactivity of the electrolyte element with the electrode 
elements, particularly due to reactions vnOx the anode. This is especially true with anodes 
comprising lithium, which is highly reactive. Reactions of lithium with the electrolyte are 
undesirable as they lead to self disdiarge and early battoy failure. The reaction of lithium 
with organic electrolyte solvents may also result in the formation of a surface fihn on the 
anode, which subsequently reduces the efSciency of the anode, and may cause uneven 
plating thiit can lead to dendrite formation. These fiictors limit the number of potential 
electrolyte solvents that may be used for dissolving appropriate electrolyte salts and odier 
additives to form tiie electrolyte element 

Desirable electrolyte elements provide high cycling efSciency, good ionic 
conductivity, and reasonable cost The number of times a lithium battery can be recharged 
is dependent on the e£Qciency of each charge and discharge cycle of the cell and provides 
a measure of the cycling e£5ciency. By cycling efSciency is meant the per cent of the 
lithium (or other anode material) which is replated or reduced onto the anode upon fiill 
charging compared to the amount of liUiium fieshly stripped or oxidized fiom the anode on 
the previous fiiU discharging of tiie celL Any deviation in diis percentage from 100 per 
cent rqtresents lithium vMch has been lost in terms of useful availability for die 
charge/discharge performance of the cell Cycling efSciency is primarily a fimction of the 
ability of the electrolyte solvent to withstand reduction by litfaium, which is a powerfiil 
reducing agent 

Safety fiictors affecting the choice of electrolyte solvents include the safety margin 
against overcharge of the cell. The overcharge safety margin is determined by the voltage 
difference between completion of recharge of the electrodes and the decomposition of the 
electrolyte. For instance, in lithium-ion cells. Hie difference in potential of the anode and 
cathode is about 4 V. Tarascon and Guyomard, J. Electmchem. Soc, 1991, 138, 
2864-2868, describe the upper voltage range of a potential scan being limited to 4.5 V vs. 
Li/Li"^ because of breakdown of the electrolyte at higher potentials (4.6 V vs. Li/Li'^ in a 
IM LiCl04 50:50 EC (ethylene cartwnate) J)ME (dimethoxyethane) electrolyte. Also, for 
example, Ein-Eli et ai, J. Electrochen Soc, 1997, 144, L205-L207, report the onset of 
electrolyte oxidation at 5.1 V for an electrolyte composition conqirising 1.2M LiPFe 
ediyloie caifoonBte:dimethyl carix>nate (2:3 by volume). The need for electrolyte 
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compositioiis whidi do not decompose at high potentials is emphasized by the teceot 
recommendation of Zhoi^ et al^ J. Electrochem Soc, 1997, 144, 205-213, that certain 
lithium-ion cathode materials should be charged to above 5 V. 

5 Further factors affecting the choice of electrolyte solvents can be illustrated by 

reference to cells comprising intercalated carbon electrodes. Ein-Eli et aL,J. Electrochem. 
Soc, 1996, 143, L273-277, recently reported that gr^hite electrodes, which are usually 
sensitive to the composition of the electrolyte solution, can be successfully cycled at high 
revosible capacities in electrolytes comprising ethybnethyl carbonate. These results are 
10 interesting because lithium ions cannot intercalate into gr^hite in diethyl carbonate 
solutions and cycle poorly in dimethyl carbonate solutions. 

A large number of non-aqueous organic solvents have been suggested and 
investigated as electrolytes in connecdon with various types of cells containing lithium 
electrodes. U.S. PaL Nos. 3,185,590; 3,578,500; 3,778,310; 3,877,983; 4,163,829; 
4.1 18,550; 4^52.876; 4,499,161; 4,740,436; and 5,079,109 describe many possible 
electrolyte element combtoations and electrolyte solvents, such as borates, substituted and 
unsubstituted ediers, cyclic eAers, polyethers, esters, sulfianes, all^lene carbonates, 
organic sulfites, arganic sulfites, organic nitiitBS and organic nitro compounds. 

One class of organic electrolyte solvents that have received attention as a 
component of electrolyte elements for electrodiemical cells and other devices are the 
sulfimes. Sulfones can be divided into two types: the cyclic or aromatic sulfones, 
commonly referred to as sulfolanes; and the aliphatic sulfones. Sulfones fbim a potentially 
attractive groiq) of organic solvents which present a high chemical and thermal stability. 

The use of the cyclic sulfones, sulfolane (tetramethylenesulfone) along with its 
alkyl-substituted derivatives. 3-methylsulfolane and 2,4-dimetfaysu]&lanB, as electrolyte 
solvents has been investigated. 
30 

U.S. Pat No. 3,907,597 to Mellors desoibes a liquid organic electrolyte consisting 
essentially of sulfolane or its liquid alkyl-substituted derivatives in combination with a 
co-solvent, preferably a low viscosity solvent such as 1 ,3-dioxolane, and an ionizable salt. 



20 
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Sulfoiane and its liquid alkyl-substituted derivatives, such as 3-ni^hyl sulfolane, are good 
non-aqueous solvenls but have the disadvantage in that they have a relatively high 
viscosity. Thus, when metal salts are dissolved in these solvents for the purpose of 
improving the ionic conductivity of the solvents, die viscosity of the solvent and the salt 
becomes too high for its efficient use as an electrolyte for non-aqueous cell applications. 
For example, in the '597 patoit, sulfolane is used in combination with a low viscosity co- 
solvent to overcome the viscosity problem. 

Jtqjanese patent publications numbers JP 08-298229, published 12 November, 1996 
and JF 08-29S230, pubUshed 12 Novonber 1996, desoibe electrolytes for electric double 
layer capacitors which comprise sulfolane as one of the electrolyte components. 

U.S. PaL No. 4,725,927 to Morimoto et al. describes the use of sulfolane and its 
derivatives, 3-methylsulfolane and 2,4-dimethylsulfolane, for use in electric double layer 
capacitors. However they note that a sulfolane solvoit has a high viscosity and a relatively 
high solidification temperature. Therefore, vAxea it is used far an electrolyte solution, the 
ionic conductivity tends to be low. 

U.S. PaL No. 5.079,109 to Takami e/ d. describes a non-aqueous electrolyte 
solvent blend that may comprise sulfolane as one of the components for use in 
rechargeable lithium secondary batteries. U.S. PaL No. 5,219,684 to MUdnson et al. 
describes an electrolyte consisting essentially of sulfolane and a glyme for an 
electrodiemicai cell comprising a li^um containing anode and a cathode, including 
LixMnOz cathode active material. 

U.S. PaL No. 4450,064 to Yen et al. describes electrolytes with sulfolane type 
solvents which'have relatively high dielectric constants and low vapor pressure. 
Electrolytes containing sulfolane also exhibit improved stripping/plating cyclii^ efficiency 
because of the exceUent reduction stability. However, the use of sulfolane solvents is 
inhibited by incompatibility of the polar sulfolane liquid with the hydrophobic separator 
and with the non-polar binder of the cathode. MeiiK>ds to improve Hoe wettability of the 
separator and ±r caduxle electrode are described. 
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The use of the aliphatic sutfones, dimetfaylsuifone and dipropylsulfone, has been 
investigated as electrolyte solvents. U.S. Pat No. 4,690,877 to Gabano et at. reports 
electrolyte con^sitions containing at least one aromatic or aliphatic linear suifone for use 
in cells operable at temperatures between lOCC and 200°C. Particularly preferred was 
5 dimethylsiilfone. 

Suifone-based electrolytes comprising dimetiiylsulfone, dipropylsulfone, and 
sulfolane have been described by J. Pereira-Ramos et al, J. Power Sources, 1985, 16, 
193-204 for use in lithium intercalation batteries. Molten dimethylsulfone at 150 °C as an 
1 0 electrolyte for a rechargeable y-MnCh lithium battery is described by Bach et a!., 
J. Power Sources, 1993, 569-575. 

U.S. Pat Nos. 4,060,674 and 4,104,451 to Klemann and Newman describe 
electrolyte compositions for reversible alkali metal cells which consist essentially of a 

15 solvent and an electronically active alkali metal salt Organic electrolyte solvents 

employed are generally ones selected firom the group consisting of inertly substituted and 
unsubstituted ethers, esters, sulfones, organic sulfites, organic sul£fites, organic nitrites or 
organic nitro compounds. Examples of organic solvents include propylene carbonate, 
tebahydrofiaan, dioxolane, furan, sulfolane, dimethyl sulfite, nitrobenzene, nitromethane 

20 and the like. The preferred solvoits are ethefs, and preferred is an electrolyte solvent 
containing dioxolane. 

JP patent publication number JP 09-147913, ptiblished 6 June 1997, describes 
electrolyte solvents containing sulfones of the formula R'-SOrR^ where R' and are 
25 Cm alkyl groups, and R' and R' are difiEerent Preferably the anodes are Li interaction 
carbonaceous anodes. 

Despite ^ numeious electrolyte soWents jnoposed for use m rechargeable cells, 
there remains a need for improved non-aqueous electrolyte solvents that provide beneficial 
30 effects during the usefiil life of the cell, and wbidi can be incorporated easily and reliably 
into the cell without significant extra cost 
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It is therefore an object of the piesoit invention to provide an improved 
non-aqueous electrolyte solvent v^ch is suitable for use in lechaigeable cells. 

It is yet a fiirther object of the present invention to provide a non-aqueous 
electrolyte solvent v4uch has greater overcharge safety maTgins 

It is yet a further object of the present invention to provide a non-aqueous 
electrolyte solvent with high ionic conductivity and low solvent volatility. 

It is a further object of this invention to provide an improved non-aqueous 
electrolyte solvent for electrochmical cdls which comi»ise alkali metal negative 
electrodes. 

Yet another object of the present invention is to provide a non-aqueous electrolyte 
solvent that is useful with both lithium metal and litfaitmi-ion anodes Sar secondary battery 
cells. 

It is a fiirther object of the present invention to provide a non-aqueous electrolyte 
solvent tiiat provides for reversible intocalation of lithium into graphite. 

It is a further object of the present invention to provide a non-aqueous electrolyte 
solvent diiit increases the cycle life and safety of secondary cells. 

It is yet a further object of the present invention to provide secondary lithium cells 
employing Hoe electrolytes of ^ present invention and methods of making such cells. 

SUMMARY OF THE INVENTION 

The present invention pertains to non-aqueous electrolyte solvents which comprise 
a non-symmetrical, non-cyclic snlfbne and ^ch are suitable for use in secondary electric 
current producing ceUs. The present mvention also pertains to electrolyte elonents 
comprising such solvents, electric current producing cells comprising such electroljrte 
elements, and methods for making such electric current producing cells. 
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One aspect of the present invention pertains to electrolyte elements which comprise 
one or more ionic electroljrte salts and a non-aqueous electrolyte solvent, which solvent 
comprises one or more non-symmetrical, non-cyclic sulfones, as described herein, and 
optionally other additives, such as one or more electrolyte co-solvents, gelling agents, 
ionically conductive solid polymers, and/or other additives. 

In one embodiment, the electrolyte element comprises one or more ionic electrolyte 
salts and a non-aqueous electrolyte solvent, uduch solvent comprises one or more 
non-symmetrical, non-cyclic sulfones of the general formula: 

R'-SOj-R* 

wherein R* and are independently linear or branched alkyl or paitiaily or fully 
fhionnated linear or branched alkyl groups having 1 to 7 carbon atoms; vi^erein R' and R^ 
are dififerent; and wherein -SO2- denotes the suljfone groiq>. In one embodiment, R' and 
R^ have 1 to 4 carbon atoms. 

In one embodiment, the non-aqueous electrolyte solvent comprises one or more 
non-symmetrical, non-cydic sulfones of the general formula: 

R'-S02-R* 

whereinR' and are independently linear or branched alkyl groups having 1 to 7 carbon 
atoms; wherein R' and R' are diSerenL In one embodiment, R' and R^ have 1 to 4 carbon 
atoms. 

In one embodiment, the alkyl groi^ is selected from the group consisting of: 
methyl (-CH3). ethyl (-CH2CH3), n-propyl (-CH2CH2CH3), n-butyl (-CH2CHJCH2CH3), n- 
pentyl (-CH2CH2CH2CH2CHJ). n-hexyl (-CH2CH2CH2Cai2CH2CH3), n-heptyl 
(-CH2CH2CH2CH2CH2CH2CH3). iso-propyl (-CH(CH3)2). iso-butyl (rCHiCHiaiih), sec- 
butyl (-CH(CHjXCH2CHi)). tert-butyl (rCmih), and iso-pentyl (-CH2CH2CH(CH3)2). 
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In a preferred embodiment, the sulfone is ethylmethyl sulfone. In another preferred 
embodiment, the sulfone is ethyl-sec-butyl sulfone. In a more preferred embodiment, the 
electrolyte solvent comprises etbyl-sec-butyl sulfone in combination with electrolyte 
co-solvent ethylene carbonate. 

Another preferred embodiment of the present invention pertains to electrolyte 
elements comprising one or more ionic electrolyte salts and a non-aqueous electrolyte 
solvent, which solvent comprises one or more novel, partially or fully fluoiinated, 
non-symmetrical, non-cydic sulfones of the general formula: 

R'-SOrR^ 

wherein R' is a partially or fully fluorinated linear or branched alkyl group having 1 to 7 
carbon atoms, is a linear or branched alkyl or partially or fully fluorinated Imear or 
branched alkyl group having 1 to 7 carbon atoms, wherein R' and are different; and 
wherein -SO2- denotes the sulfone group. In one embodiment, R' and R^ have 1 to 4 
carbon atoms. 

In one embodiment, ibe non-syminetiical, non-cyclic sulfone comprises one or 
more terminal trifluoromethyl (-CF3) groups. In one embodiment, the non-symmetrical, 
non-cyclic sulfone comprises one or more -CF2- groins. In one embodiment, the 
non-symmetrical, non-cyclic sulfone coaqffises one or more groups. 

In one embodiment, tiie fluorinated alkyl group is selected the group consisting of: 
trifluoromethyl (-CF3), 2,2,2-trifluoroethyl (-CH2CF3X l.l-diflimroethyl (-CF2CH3), 
pafluoioethyl (-CF2CF3), 3,33-trifluoro-n-propyl (-CIfcCH2CF3), 2,2-difluoro-»i)ropyl 
(-CH2CF2CHJ). 1,1-difluoro-n-propyl (-CF2CH2CH3), 2A33^-pcntafluQro-n-propyl 
(-CH2CF2CT3), 1,1,33.3-pailafluoro-n-propyl (-CF2CHaCF3), perfluoro-n-propyl 
(-CF2CF2CF3), perfluoro-n-butyl (■CF2CF2CF2CF3), peifluoro-n-pentyl (- 
CF2CF2CF2CF2CF3). peiflnoro-n-hexyl (-CF2CF2CF2CF2CF2CF3). perfluoro-n-heptyl (- 
CF2CF2CF2CF2CF2CF2CFj)-CF(CH,)2, -CH(CH3XCF3). -CaiCFih. -CFCCFjfe. 
-C3F2CH(CH3)2. -CH2CF(CH3)2. -CH2CH(CH3)(CF3). -CH2CH(CF3)2. -CF2CF(CF3)2. and - 
C(CF3)j. 
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In one embodiment the alkyl groiq) is selected as described herein. 

In a preferred embodiment, the fluorinated suJfone is CFjCH2CH2S02CHj 
(CFjEMSF). In a more preferred embodiment, the fluorinated sulfone is 2,2,2- 
trifiuoroethylmethyl sulfone (CFsCHjSOzCHa, (CFjMMSF)), vAach exhibits very high 
conductivity, for example, in lidiium chlorate solutions. 

In some embodiments, the fluorinated non-symmetrical, non-cyclic sulfones further 
ofEer superior wetting, penetration and otho: surfactant properties. 

In one embodiment, the ionic electrolyte salt is selected from the group consisting 
of MCIO4. MAsFfo MSCN, MSO3CF3, MSO3CH3, MBF4, MB(Ph)4, MPFe. 

SOjCF, 

I 1 FjCSOj-'S^SOjCFs 

MC(S02CF3)3, MN(S02CF3)2, MNSOjCFjCFiCFjCFjSOz, OM 

FjCSOj-'^SOaCF, 

^ , and the like, M^ere M is Li or Na. In a preferred embodunent, 

the ionic electrolyte salt is selected from the group consisting of LiCI04, LiS03CF3 and 
LiN(S02CF3)2. In a more preferred embodim^ the ionic electrolyte salt is 
LiN(SC)2CFj)2. 

In one embodiment, the electrolyte element of the present invraition further 
comprises one or more liquid electrolyte co-solvents. Suitable liquid electrolyte 
co-solvents include carbonates N-meth^ acetamide, acetonitrile, syoometric sulfones, 
sulfolanes, polyethylene glycols, 1,3-dioxolanes, giymes, siloxanes, and e&ylene oxide 
grafted aloxanes; and blends thereof. Examples of suitable carbonates include, but are not 
limited to. ethylene carbonate (EC), propylene carbonate (PC). Exan^les of suitable 
giymes include, but are liot limited to, tetraethyleneglycol dimethyl ether CTEGDME) and 
1 ,2-dimethoxyethane. 
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in one embodiment, the electrolyte element comprises a liquid electrolyte. In one 
embodiment, the electrolyte element further comprises a porous separator. 

In one embodiment, the electrolyte element of the present invention further 
5 comprises a polymer electrolyte or gel polymer electrolyte. 

Suitable poljmier electrolytes include polyethers, polyethylene oxides (PEO), 
polyimides, polyphosphaTjenes, polyacrylonittiles (PAN), polysiloxanes, polyedier grafted 
polysiloxanes, derivatives of the foregoing, copolymers of the foregoing, crosslinked and 
10 network structures of the foregoing, blends of the foregoing, and the like, to wdiich b 
added an appropriate ionic electrolyte salt 

Suitable gel-polymer electrolytes include those prepared from polymer matrices 
derived fiom polyethylene oxides, polypropylene oxides, polyaciylonitriles, polysiloxanes, 
1 S polyimides, polyethers, sulfonated polyunides, perfluorinated membranes (Nafioni^ 
reans), divinyl polyethylene glycols, polyethylene glycol-bis-(methyl acrylates), 
polyethylene giycoI-bis(methyl methacryhtfes), derivatives of tiie foregoing, copolymers of 
the foregoing, crosslinkni and network structures of die foregoing, blends of the foregoing, 
to vAdch is added an appropriate ionic electrolyte salt 

20 

In one embodiment, the electrolyte element of foe present invention has a stability 
to oxidation of greater than S.O V vs. lithium. In anofoo' embodiment, the electrolyte 
element of the jnesent invention has a stability to oxidation of greater than S.S V vs. 

25 



In one embodiment, the electrolyte elemt 
additive. 



apolysulfide 
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Still another aspect of the present invention pertains to an electric current 
producing cell vMch comprises: 

(a) an anode; 

(b) a cathode; and 

5 (c) a non-aqueous electrolyte element that is stable in the presence of the anode 

and the cathode, wherein the electrolyte element comprises a non-^nunetrical, non-cyclic 
sulfbne, as described herein. 

In one embodiment of die cell of the present invention, the anode comprises one or 
10 more metals or metal alloys, or mixtures thereof vtlierein said metals are selected fixtm the 
group consisting of the group lA and IIA metals in the Periodic Table. Preferred anodes 
are lithium metal, lithium^uminum alloys, lithium-tin alloys, liduum-intercalated 
carbons, and lithium-intercalated gmphites. 

IS In one embodiment ofthe cell ofdie present invention, the cathode comprises a 

cathode active material selected fiom the gioiq> consisting of: inor^mic insertion oxides 
and sulfides, metal dialcogenides, elemental sul&r, organo-suliur polymers, carbon-sulfiir 
polymera, craijugated polymers and liquid cathodes. In one embodiment, the cathode 
active material is a lithiated metal oxide. Examples of suitable lidiiated metal oxides 

20 include, but are not limited to, Mn02, Mn204, C0O2, NiQ:, VgOis, VjOs, and the like as 
described hereiiL In one embodiment of the cell of the presoit invention, the cathode 
comprises organo-sulfur polymers, carbon-sulfur polymeis and elemental sulfiir, as 
descnbied herein. 

25 Yet another aspect of the invention pertains to a method of making an electric 

current producing cell, said method comprising the steps of: 

(a) providing an anode; 

(b) providing a cathode; and 

(c) enclosing a non-aqueous electrolyte element that is stable in the presence of 
30 the anode and the cathode between said anode and said cathode, wh^in the electrolyte 

element comprises a non-symmetrical, non-cyclic sulfone, as described herein. 
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As win be appreciated by one of skill in the ait, features of one aspect or 
embodiment of the invention aie also qiplicable to odiei aspects or embodiments of the 
invention. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the DC (direct current) electrical conductivities of four examples of 
the present invention vs. the reciprocal temperature: • 1 M LiN(CF3S02)2 (lithium imide) 
in ethyhnethyl sulfone (EMSF); □ 1 M LiC10+ in EMSF; 0 1 M LiPF6 in EMSF; and 
10 VIM LiC104 in 2;2,2-trifluoroethylmethyl sulfone (CF3MMSF). DC conductivities were 
measured as described in Example 3. 

Figure 2 shows the cyclic voltammograms of (a) ethyl-sec-butyl sulfone (EsBSF) 
and (b) ethyhnethyl sulfone (EMSF) electrolyte solutions containing 1 M lithium imide 
IS salt The cyclic voltammograms were performed at 10 mV/s at a Pt working electrode 
surfiuie. For comparison the cyclic voltammogiam of sulfolane (TMSF) is shown in (c). 

Figure 3 shows the conqiaiisoa of oxidative deconqwsition potential vs. Li for 
various electiolytes on the surfice of a composite cathode comprising LixMi^04 as the 
20 electroactive material (^cample 4). Figure 3(a) shows 1 M Udnum imide/ethylmetfayl 
sulfone electrblyte solution conqiared to 1 M lithium imide solutions of propylene 
carbonate (PC), ethylene carbonate (EC) and tetraglyme. Figure 3(b) shows 1 M LiC104 
dectiolyte solutions of etfayl-iso-propyl sulfone (EiPSF), EsBSF and EMSF. 

25 Figure 4 illustrates fte reversible intercalation ofii^um into graphite electrodes 

without the occurreiKe of exfoliation. Figure 4(a) shows the cyclic voltammogcam of a 
IM lithium imide/etfayl-sec-butyl sulfone (EsBSF) solution at a woddng composite 
gtq>hite electrode with counta and reference litiiiumdecttDdes. The scan rate was 
0.1 mV/s (cycle number as indicated) with an electrode working area of 023 car?. 

30 Figure 4(b) shows die chai^-^scha^ curve for a workiiig composite graphite electrode 
(active material 0.45 mg/cm^) with a counter litiiium electrode in 1 M lithium 
imide/EsBSF solution. The charge rate was 0.105 mA/cm^. Figure 4(c) shows the 
charge-discharge curves for a working grq>hite electrode witii a counter lithium electrode 
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in a mixed electrolyte solution comprising EsBSF/ethylene carbonate (EQ (1 : 1 by 
volume) with 1 M lithium imide salt 

Figure 5 shows the charge-discharge profile of test cells with composite cathodes 
S {separed as described in Example 4 and 1 M lithium imide in EMSF electrolyte solution 
with (a) showing LixMn204 cathode active material at a charge rate of 0.20 mA/cm^ and 
(b) showing LiCro.i5Mni.9gs04 cathode active material at a charge rate of 0.3 mA/cm^ 

DETAILED DESCRffTION OF THE D^VENTION 

10 

The presoit invention potains to non-aqueous electrolyte solvents which comprise 
a non-symmetrical, non-cyclic sulfone and which are suitable for use in secondaiy electric 
current producing cells. The present invention also pertains to electrolyte elonents 
comprising such solvents, electric curteot producing cells comprising such electrolyte 
IS elements, and meAods for making such electric current producing cells. 

Hectrolyte Elements 



Electrolyte elements are useful in electrolytic cells, rechargeable batteiies, electric 
20 cqiacitors, fuel cells, aiid the Uke, and function as a medium for storage arid tiaiisport of 
ions. Ally liquid, solid, or solid-like material cqmble of storing and transporting ions may 
be used, so long as the material is chemically inert with reflect to the anode and the 
cathode, and the matBoal fadlitates the transpoitation of ions between the anode and the 
cathode. In the special case of solid electrolytes, these materials may additionally function 
2S as separator materials between the anodes and cathodes. 

One aspect of the present invoition pertains to electrolyte elements. The term 
"electrolyte element," as used herein, relates to an element of a secondary cell which 
comprises an electrolyte solvent, one or more electrolyte salts, and optionally other 
30 additives, including, but not limited to, polymer electrolytes and gel-polymer electrolytes. 

The electrolyte elements of the present invention comprise one or more ionic 
electrolyte salts and a non-aqueous electrolyte solvent, vriadb soWeot comprises one or 
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more non-symmetrical, non-cyclic sulfones, as described herein, and optionally other 
additives, such as one or more electrolyte co-solvents, gelling agents, ionically conductive 
solid polymers, and/or other additives. The electrolyte elonents of the presoit invention 
may be prepared by dissolving one or more ionic electrolyte salts in one or more 
S non-aqueous electrolyte solvents. 



Thus, the electrolyte elments of the present invention comprise a non-aqueous 
electrolyte solvent, said solvent conqnising a non-symmetrical, non-cyclic suUbne of the 
general formula: 

10 

R'-S02-R^ 



v^erein R' and are independently linear or branched alkyl or partially or fully 
fluorinated linear or branched alkyl groups having 1 to 7 carbon atoms; vilierein R' and R^ 
IS are different; and wiierein -SOj- denotes the sulfone gioup. In one embodiment, R' and 
R^ have 1 to 4 caibon atoms. 



Examples of linear alkyl groups having 1 to 7 carbon atoms include methyl (-CH3), 
elhyl (-CH2CH3), n-propyl (-CH2CH2CH3), n-butyl (-CH2CH2CH2CH3), n-pentyl 
20 (-CH2CH2CH2CH2CHj), n-hexyl (-CH2CH2CH2CH2CH2CH3), and n-heptyl 
(-CH2CH2CH2CHaCH2CHaCH3). 



Exan:q)les of branched alkyl ffoups having 1 to 7 caibon atoms include, but are not 
limited to, iso-propyl (-CH(C3l3)2), iso-butyl (-CRiCOdCajh), sec-butyl 
25 (-CHCCHsXCHiCHs)). tert-butyl (-C(CH3)3), and iso-pentyl (-CH2CH2CH(CH3)2). 

Examples of linear fhiorinated alkyl groups having 1 to 7 carbon atoms include, but 
are not limited to, tiifluoiomethyl (-CF3), 2,2,2-trifluoroethyl (-CH2CF3), 1,1-difluoioeaiyl 
(-CF2CH3), peifluotoethyl (-CF2CF3), 3,33-tiifluoro-n-propyl (-CH2CH2CF3), 
30 2,2-difluoro-n-propyl (-CH2CF2CH3), 1,1-difluoro-n-ptopyI (-CF2CH2CH3), 
2,2333-pcnlafluoro-n-propyl (-CH2CF2CF3), 1,1,3,33-pentafluoro-n-propyl 
(-CF2CH2CF3), peifhioro-n-propyl (-CF2CF2CF3), peifluoro-n-bntyl (-CF2CT2CF2CF3), 
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perfluoro-n-pen^l (-CF2CF2CF2aF2CF3), perfluoro-n-hexyl (-CF2CF2CF1CF2CFJCF3), 
and perfluoio-n^cptyl (-CF2CF2CF2CF2CT2CF2CF3). 

Examples of brandied fluorinaied alkyl groins having 1 to 7 carbon atoms include, 
but are not limited to, -CFCCHjfe. -CHCCHjXCFa), -CH(C¥3h, -CFiChh, -CFiCHiCa^h, 
-CH2CF(CH3)2, -CH2CH(CH3)(CF3), <:H2CH(CF3)2. -CFjCFCCFsh and -CiCFjh. 

Preferred among the non-cyclic, non-symmetrical sulfones are ethyhnethyl sulfone 
(EMSF, CH3CH2-SO2-CH3), ethyl-iso-propyl sulfone (EiPSF, CH3CH2-S02-CH(CH3)2), 
ethyl-sec-butyl sulfone (EsBSF, CH3CH2-S02-CH(CH3)(CH2CH3)), ethyl-iso-butyl 
sulfone (EiBSF, CH3CH2-S02-CH2CH(CH3)2). Most preferred are EMSF and EsBSF as 
solvents, which exhibit exceptionally high conductivity combined with high chemical and 
electrochemical stability. Particularly most preferred is EMSF, which has high stability in 
the presence of alkali metals. 

Preferred amcmg the fhiorinated, non-cyclic, non-symmetiical sulfones are those 
substituted with perfluoiometbyl (tzifluoiomethyl, CFj-), pofhioromethylene (-CF2-) or - 
CF< groups. More piefisned are CF3CH2SO2CH3 (2^ ,2-tiifluoroethytaiethyl sulfone, 
CF3MMSF) and CF3CH2CH2SO2CH3 (CF3EMSF). Especially prefiwred is CF3MMSF 
which exhibits very big^ conductivity, fat exanqde, in lithium chlorate soiutions. 

The electrolyte elements of the present invention also comprise one or more ionic 
electrolyte salts. Suitable ionic electrolyte salts include, but are not limited to, any of those 
commonly used with secondaiy lithium metal and lithium-ion cells as described in the 
various references dted herein. iBxamples of ionic electrolyte salts for use m electrolyte 
elements of the present invention include, but are not limited to, MCIO4, MAsFg, MSCN, 



MSO3CF3, MSO3CH3, MBF4. MB(Ph)4. MPF6. MC(S02CF3)3, MN(S02CF3)2, 



the like, where M is Li or Na. Other electrolyte salts useftil in the practice of this 
invention are disclosed in U.S. Pat No. 5,538,812 to Lee et al. For high voltage 




SOjCF, 



MNSO2CF2CF2CF2CF2SO2. 



OM 



M 



,and 
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applications, highly oxidation-resistant salts of MCIO4, MSO3CF3 and MN(S02CF3)2 are 
prefeired. Thus, one group of preferred electrolyte salts includes LiC104, litiwim imide 
and lithium triflate (LiSQsCFs). Especially preferred are electrolyte solutions comprising 
MN(SC)2CF3)2 as the electrolyte salt, iriuch exhibits exceptionally higji conductivity 
S combined witlihigfa chemical and electrochemical stability. 



Optionally, the electrolyte elements of the present invention may further comprise 
one or more liquid electrolyte co-solvents (i. e. , in addition to a non-symmetrical, 
non-cyclic sulfone), gelling agents, ionically conductive solid polymers, and other 
10 additives. Suitable electrolyte co-solvents, gelling agents or ionically conductive solid 
polymers include any of those commonly used with secondary lithium metal and 
lithium-ion cells as described in the various refinences cited herein. 

For exaaq>le, suitable liquid electrolyte co-solvents for use in the electrolyte 
IS elements of the present invention include, but are not limited to, any one of the commonly 
used electrolyte solvents as described in the various references cited herein. Exartqiles of 
usefid liquid electrolyte co-solvents include carbonates, N-m^hyl acetamide, acetonitrile, 
symmetric sul^mes, sulfolanes, 1,3-dioxolaikes, glymes, polyethylene glycols, siloxanes, 
and ediylene oxide grafted siloxanes, and blends thereof, and the like. Examples of useful 
20 carbonates include, but are not Ifanrted to, ethylene carbonate (EC) and propylene 
carbonate (PC). Examples of useful glymes includes, but are not limited to, 
tetraethyleaeglycol dimethyl ettier (TEGDME) and 1,2-dimetfaoxyethane. 



Liquid electrolyte elements are often used in combination with one of the common 
25 porous separators as desoibed in die various nfennces cited herein. Liquid electrolyte 
solvents or plasticizing agents are often themselves useful as gel forming agents Sot 
gd-polymer electrolytes. 



Examples of gelling j^ents which are useful in the electrolyte elements of the 
30 present iavoition include, but are not limited to, those prepared from polymer matrices 
derived fiom polyethylene oxides (PEO), polypropylene oxides, polyacrylonitriles, 
polysiloxsnes, polyimides, polyetfaers, sulfonated polyimides, perQuorinated membranes 
(Nafion™ resins), polyethylene glycols, polyethylene glycol-bis-(methyl acrylates). 
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polyethylene glycol-bis(inethyl methaciylates), deiivatives of the foiegoing, copolymos of 
the foiegoing, crosslinked and netwoik stnictuies of the foregoing, blends of the foregoing, 
and the like. 

5 Exasqiles of ionically conductive solid polymers suitable for use in die electrolyte 

elements of the present invention include, but are not limited to, those comprising 
polyethers, polyethylene oxides (PEO), polyimides, polyphosphazenes, polyacrylonitriles 
(PAN), polysiloxanes, polyether grafted polysiloxanes, derivatives of the foregoing, 
copolymers of the foregoing, crosslinked and netwoik structures of the foregoing, blends 

10 of the foregoing, and the like, to which is added an appropriate ionic electrolyte salt 

Ionically conductive solid polymers electrolytes oiay additionally function as separator 
materials between tiie anode and cathode. 

Other additives vMch are usefid in the electrolyte elements of die present invention 
1 5 include soluble additives. These mclude carbon dioxide and other inorganic additives, 
such as those described in Besenhaxd, et al., J. Power Sources, 1993, 43-44, 413-420 and 
references tfaerdn; add anhydrides as described in U.S. Pat No. 5,296,3 19 to Bito, et aL, 
to reduce or eliminate the presence of water, an unidentified reaction product of carbon 
disulfide and liMum. possibly a soluble sulfide, in U.S. Pat No. 3,532,543; high 
20 concentrations of water in U.S. Pat Nos. 5,432,425 and 5,436,549 to Limdquist et al.; and 
polysulfide additives as described m U.S. Pat Applicatioa No. 08/664,1 10 to the common 
assignee anl references therein. 

The non-aqueous electrolyte solvents of the present invention (which comprise one 
25 or more non-symnietricd,iion-cydicsulfixifis, as desoibed herein) are particularly 

pr eferred for use in electrolytic cells, rechargeable batteries, electric cqucitors, feel cells, 
and the like, vAaiab. comprise non-aqueous electrolyte elements and which require Mgh 
energy storage capacity, long shelf life, and a low rate of self-discharge. The electrolyte 
solvents of the i»esent invoition are particularly usefel in electrolytic cells comprising 
30 alkaU-metal-containingetectiodes, and particularly to litfaitnn intercalation electrodes. 

Many electrolyte solvents and electrolyte salts, and combinations thereof have 
been proposed for us as tiie electrolyte elemoit in secondary cells. Many fectors affect 
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the choice of electrolyte element such as cycle life, safety, and the reactivity of the cell 
components, particularly the anode with the electrolyte. The safety fector is perhaps one 
of the most important governing the choice of the electrolyte element for a particular cell 
combination of anode and cafliode. A critical safety feature is the c^ability of the cell to 
5 withstand overcharge, v^ch can led to electrolyte decomposition. The overcharge safety 
margin is detomined by the voltage difference betwera completion of recharge of the 
electrodes and the decomposition of the electrolyte element 



The electrolyte elements of the present invention have been found to show 
improved safety and are capable of withstanding cell overcharge to a greater extent than 
previously known electrolyte elements. In many embodiments, the novel electrolyte 
elements of the present invention (which comprise a non-cyclic, non-symmetrical sulfone, 
as described herein) are capable of withstanding voltage difFerences between the anode and 
cathode of greater than 5 volts vs. lithium. Such non-cyciic, non-symmetrical sulfbnes are 
also found to be stable in the presence of alkali metals, particoiarly lithium. 

Further it has been found that certain non-aqueous electrolyte solvoits of the 
present invration, such as those comprising EsBSF, show the ability to leverably 
intercalate alkali metals into graphite. This is particularly useful in fhs application of the 
20 electrolyte solvoits of the present invention to electrolytic ceUs that comprise electrodes 
that undergo inteicalation/deintercalatian of lithium ions during cell cycling. 

Unlike Ifae cyclic sulfones, whidi are commonly known as sulfolanes, the 
non-symmetric, non-cyclic sulfone electrolyte solvents of ibt present invention show 
25 remarkably hi^ resistance to oxidation, while simultaneously yielding electrolyte 
elonents of high ambient tonperature ionic conductivity. 



10 



15 



Figure 1 shows the DC electrical conductivities of electrolytes of various solutions 
of alkali metal salts in EMSF and CF3MMSF (CF3CH2SO2CH3). A 1 M lithium imide 
30 solution of ESMF exhibits remarkably high conductivity of iq) to 10'" Scm*'. Even higher 
conductivity of 10"^°^ Scm'' at ambient temperature is obtained by perfluorinatiiig one or 
more of the alkyl groups of the sulfone as shown for a 1 M LiC104 solution of CF3MMSF. 
Electrolyte elements comprising such high conductivity, relatively non-volatile electrolyte 
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solvents are highly suitable for use in rechargeable electrochemical cells and other devices 
such as super capacitors. Furthermore it has been found that such sulfbnes are 
non-reactive with moisture. 

5 Although many electrolyte solvents and lithium salts, and combinations thereof; 

have been proposed for use in secondaiy lithium cells, many exhibit the disadvantage for 
high voltage cells of oxidative decomposition of the electrolyte at voltages of about 5 V or 
below. Examples of this inchide: (a) Tarascon and Guyomard, J. Electrochem. Soc., 1991, 
138, 2864-2868 where the ijpper vohage range of a potential scan was limited to 4.5 V vs. 
10 Li/Li* because of break down of the electrolyte at higher potentials (4.6 V vs. Li/Li*) in a 
1 M LiC104 50:50 EC (ethylene caibonate):DME (dimethoxyethane) electrolyte; 

(b) Guyomard and Taiascon, J. EJeclrochem. Soc, 1993, 140, 3071-3081 ^NbsK a limit of 
4.8 V vi. Li in a 1 M LiPFe 50:50 EC:dimethyl carbonate electrolyte was observed; and 

(c) Ein-EU et al.. J. Electrodiem. Soc., 1997, 144, L205-L207 where the onset of 

1 5 electrolyte oxidation at S. IV for an electrolyte composition comprising 1 2 M UPFt in 
e&ylene carboaate (EC):dimediyl carbonate ^:3 by volume) was reported. The need for 
electrolyte compoations which do not decompose at Mgh potentials is ea4>hasi2ied by the 
recent recommendation of Zhonger a/., y. Etectroehem. Soc, 1997, 205-213, that 
certain lithium ion cadiode materials should be charged to above 5 V. Surprisingly the 

20 electrolytes of the present invention remain unaffected at potentials above about 5 V vs. Li. 
For example EMSF and ethyl-sec-butyl sulfone (EsBSF) remain unaffected until 5.8 V vs. 
Li. 

While we do not wish not to be bound by any fteory, we believe that the high 
25 oxidatim resistance of^ ambient temperature electrolyte solutions of the present 

invCTtion result finm the stability of the -SOr group when in a non-cyclic, non-symmetric 
sulfone structure, charactedzed by freezing tempoatures low enough to enable utilization 
in ambient temperature qjplications. When such a sulfone is utilized as a solvent to 
dissolve inorgsmic electrolyte salts of highly oxidation resistant anions such as CIO4', 
30 CFsSOa' (iriflate), and in particular, bis(trifluoromethane sulfonyl) imide ( 'NCCFsSOj)?, 
lithium imide), then sohitions which combine excq)tional oxidation resistance with high 
ambient temperature conductivity are obtained as, for ocample, shown in Figure 1 . 
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Futher it has been found that alkali metal solutions comprising certain non-cyclic, 
non-symmetrical sulfones of the present invention, provide a media from which lithium 
ions can be reversibly intercalated into graphite to the stage of Li:C ratio of 1 :6 witiiout the 
undesirable effect of any ex-foliadon of the gr^hite. Previously this capability has only 
been observed with the alkyiene carbonates, ethylene carbonate (EC) and ethylmethyl 
carbonate. This is illustrated in Figure 4 for EsBSF electrolyte solvents of the presait 
invention. This is particularly useful in the application of electrolyte solvents of the 
present invention to electrolytic cdls that comprise electrodes that undergo 
intercaladon/de-intercalation of lithium ions during cell cycling. 

In the EsBSF electrolyte, solvent the room temperature conductivity of 1 M lithium 
imide electrolyte solutions is insufGcient to pemiit practical acceptable performance. 
HowevCT, it has been found that this practical limitation may be overcome by suitable 
addition of a electrolyte co-solvent to the electrolyte element. Suitable co-solvents are 
cyclic carbonate solvents, as described, for example, in Figure 4(c) and Example 8. 

Prefezred for the levosible intercalatton/deintocalation of lithium into graphite is 
an electrolyte solvent comprising EsBSF and an all^lene carbonate. Most preferred is a 
electrolyte solvent comprising EsBSF and ethylene carbonate. This mixed electrolyte 
solvent has good performance at ambient temperature as shown in Figure 4(c). 

Fluoirinated Non-Cyclic. Non-Symmrtrical Sulfones 

Another aspect of the present inveotian pertains to novel fhiorinated, non-cyclic, 
non-symmetrical sulfones, vAacb. are usefiil as electrolyte solvoits in electrolyte elements, 
which are partially or folly fluorinated, and which are of the general formula: 

wbereinR' isalinearorbranchedpartially or folly fluorinated alkyl group having 1 to7 
carbon atoms, R.^ is a linear or branched alkyl or partially or folly fluorinated linear or 
branched alkyl groiq> having 1 to 7 carbon atoms, wherein R' and are different; and 
wherein -SOr denotes the sulfone ffoup. In one embodiment, R' and R^ have 1 to 4 
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carbon atoms. Exaiiq>les of linear fluoiinated alkyl groups and branched fluorinated alkyl 
groups are shown above. 

In one embodimait, the novel non-cyclic, non-symmetrical sulfones of the present 
5 invention are substituted with perfluoromcthyl (trifluoromethyl, -CF3), perfluoromethylenc 
(-CFr) or -CF< ffovps. Substitution of a methyl. -CH3, group by a perfluoromcthyl, -CF3, 
is surprisingly found to advEmtageously decrease the viscosity of the sulfone, thereby 
increaaog the conductivity of the electrolyte solutions and increasing the paietration of 
the electrolytes into the cadiode and separator m electrolytic cells at ambient conditions. 
10 Preferred are lije novel fluorinated sulfones CF3CH2SO2CH1 (2^,2-liifluoroethylmethyl 
sulfone, CF3MMSF) and CF3CH2CH2SO2CH3 (CF3EMSF). Especially preferred is 
CF3MMSF vdiich exhibits very high conductivity, for example, in lithium chlorate 
sohitions. 

15 In some embodiments, die fluorinated non-symmetrical, non-cyclic sulfone further 

o£^ siq)erior wetting, penetration and other surfactant properties. 

Sulfones of die present invention were prepared by a modification of the standard 
method for the preparation of mixed sulfides (Z. Brzozowski, Roczoiki Cbem., 1963, 37, 
20 1096) followed by oxidation oftiie sulfide to die sulfone. Additionally tiiey were prepared 
by direct oxidation of a commercially obtained ethyl methyl sulfide or higher sulfide, 
vAieK commercially available, to the sulfone. The novel fluorinated non-symmetrical, 
non-cydic sul^imes were prepared by the method described in Example 5. 

25 Recbargeable Battny Cells and Methods of Making Same 

Still another aspect of the presmt invention pertains to a rechai]geable, electric 
current producing cell which comprises: 
(a) an anode; 
30 (b) a cathode; and, 

(c) a non-aqueous electrolyte element that is stable in the presence of the anode 
and the cathode, wheremthe electrolyte element comprises a non-symmetrical, non-cyclic 
sulfone, as described herein. 
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Yet anotfajcr aspect of the present invention pertains to a method of forming a 
rediargeable, electric current producing cell, said method conq)rising the steps of: 
(a) providing an anode; 
5 (b) providing a cathode; and, 

(c) enclosing anon-aqueous electrolyte elonent that is stable m the presence of 
the anode and the cathode between said anode and said cathode, wberein the electrolyte 
element comiuises a non-symmetrical, non-cyclic sulfbne, as described herein. 

10 The anode material may be comprised of one or more metals or metal alloys or a 

mixture of one or more metals and one or more alloys, \^4lerein said metals are selected 
from the Group lA and UA metals in the Periodic Table. For example, anodes comprising 
lithium and sodium are usefiii in the batteries of the present invention. The anode may 
also be alkali-metal intercalated carbon, such as LiQ wh&n x is equal to or greater than 2. 

1 5 Also useful as anode materials are alkali-metal intercalated conductive polymers, such as 
li^isn, sodium or potassium doped polyacetylenes, polyphenyloies, polyquinolines, and 
the like. Exaaq)les of suitable anodes include, but are not limited to, lithium metal, 
lithhim-alumiinim alloys, lithium-tin alloys, liduum-intercalated carbons, 
li^um-inteicalated graphites, calcium metal, alununum, sodium, sodium alloys, and ifae 

20 like. Prefbxed anodes are those selected fiom die group consistiiig of lithium metal; 
Utfaium-aluminum and lithium-tin alloys and lithium-intercalated carbons and 
lithium-intercalated graphites. 

The cathode may conqnise any of the commonly used cathode active materials 
25 described in tiie various references cited herein. Examples of suitable cathode active 
materials include, but are not limited to, inorganic insertion oxides and sulfides, metal 
dialcogenides, elemental sulfur, organo-sulfiir and carbon-sulfur polymers, conjugated 
polymers, liquid cathodes, and the like. Useful inorganic insertion oxides include C0O2, 
KiOi, MnOj, Ma204. VeOis. ViOs. blends thereof and the like. Useful inorganic sulfides 
30 include 1182. M0S2 and the like. Suitable conjugated polymers include polyacetylene, 
poly(pheayleae vinylene). and polyaniline, and the like. Usefiil liquid cathodes include 
SO2. SOCI2, SO2CI2, POCb, and the like. Usefiil organo-sulfiir materials include ttiose 
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disclosed in U.S. Pat Nos. 4,833,048; 4.917,974; 5^24,599; and 5,516,598, and Japanese 
patent pubUcationsNo. JP 09-139213, published 27 May, 1997. 

Further examples of usefu] cathode active materials include organo-suifiir polymer 
5 materials as described in U.S. Pat No. 5,441,831. Still fiirtfaer usefiil materials are 

carbon-sulfur materials are described in U.S. Pat Nos. 5,601 ,947 and 5,529,860 and U.S. 
Patent Application Ser. Nos. 08/729,713 and 08/602,323. Sulfin containing cathode active 
organic materials as described in these disclosures comprise, in then- oxidized state, a 
polysulfide moiety of the formula, - Sm -, v^erein m is an integer equal to or greater than 
10 3 . Further useful composite cathode compositions comprising organo-sulfur or elemental 
sulfur are described in U.S. Application No. 08/859,996 to the common assignee. 

The cathode may fiirtha- conqmse one or more materials selected firom the group 
consisting of: binders, electrolytes, and conductive additives, usually to improve or 
1 5 simplify dienr febrication as well as improve their electrical and electrochemical 
characteristics. 

Useful electrolytes for catiiodes include any liquid, solid, or solid-like materials 
cqxible of storing and transporting ions, so long as the electrolyte material is chemically 
20 inert with respect to die composite cathode material and the electrolyte matnial&cilitates 
the transportation of ions. Examples of electrolytes for use in composite cathodes are 
described in detail above. 

The dioice of binder material may vary widely so long as it is inert with respect to 
25 tiie composite cathode materials. Usefid binders are those materials, usually polymeric, 
that allow for ease of processing of battery electrode composites and are generally known 
to diose skilled in the art of electrode fibrication. Examples of useful binders are organic 
polymers sudi as polytebrafluoroediylenes (TEFLON™), polyvinylidine fhunides (PVF2 
or PVDF), ethylene-propyleneKiiene (EPDM) rubbers, polyethylene oxides (PEO), UV 
30 curable acrylates. UV curable methacrylates, and UV curable divinyletfaers, and the like. 



Useful conductive additives are those known to one skilled in the art of electrode 
fabrication and are such that they provide dectrical oomiectivity to die majori^ of the 
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electroactive materials in the composite cathode. Examples of useAil conductive fillers 
include conductive carbons {e.g., carbon black), grates, metal flakes, metal powders, 
electrically conductive polymers, and the like. 

S In those cases where bmder and conductive Slier are desired, the amotints of binder 

and conductive filler can vary widely and the amounts present will depend on the desired 
performance. Typically, \^en binders and conductive fillers are used, the amount of 
binder will vary greatly, but will generally be less than about 15 wt% of the composite 
cathode. Preferred amounts are less than 10 wt%. The amount of conductive filler used 
10 will also vary greatly and will typically be less than 20 wt% of the composite cathode. 
Preferred amounts of conductive additives are generally less than 12 wt%. 

EXAMPLES 

15 Several embodiments of the present invention are described in the following 

exanipies, vAdch are offered by way of illustration and not by way of limitation. 

Example 1 

Preparation of efliylmethyl snlfone (EMSF) 

20 

Ethylmethyl sulfide (38.0 g. 99%, Aldrich Chemical Co., Milwaukee, WI) was 
oxidized in a mixture of 100 g 30% KiOz and 100 g of glacial acetic acid in an ice water 
bafh. After Ae bafh temperature rose to ca. 30°C, an additional 100 g H2O2 was added 
(in 50% excess). After tihe reaction was completed, the reactants were boiled to 
25 decompose the umeacted H2O3. Excess NaOH was then used to neutralize the solution to 
pH 8. The resulting solution was ev{qx>rated to dryness to yield a solid material wfaidi was 
extracted witii ac^ne. Removal of the acetone yielded vAdte crystals of die crude product 
^ilSF at room temperature, which were fiirtfaer purified by sublimation at ca. 30°C under 
vacuum. Hie product was in the form of fine white needles 



30 
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Exaniple2 

Preparalion of etfaylmethyl snlfone (EMSF) 

To a solution of 18 mL (02 mol) of ethylmediyl sulfide in 400 mL of acetic acid at 
~ 15-20''C was slowly added 200 mL of a 30% aqueous solution of hydrogen peroxide 
with stirring. When flie addition was completed, the reaction mixture was stirred for an 
additional 72 hours at room tonperature. After that, the reaction mixture was refluxed for 
4 hours, and tiie acetic acid and unreacted hydrogen peroxide distilled out under reduced 
pressure. The residue was distilled under vacuum to yield 17.7 g (82%) product with a 
melting point of 3 1 .S°C (compared to the literature value of 32.5<'C). 

Example 3 

Characterization of EMSF 

An electrolyte solution was prepared by dissolving (at ca. SO-IOO'C) an electi»lyte 
salt in tiie electrolyte solvent syn&esized as described in the example 1 . The conductivity 
of a 1 M LiN(CF)S02)2 Oitiuum imide, available fix>m 3M Corporation, St Paul, 
MNyEMSF electrolyte solution was measured using a ample dip type Ft wire twin 
electrode cell m conjunction an automated Hewlett-Padcard Model HP4192A 
fiequency analyzer (available fiom Hewlett-Packard Corporation, Palo Aho, CA), and 
using standard complex impedance plots to obtain the DC electrical (ionic) conductivity 
(frequency indq>endent). The cell was thermostatted in an aluminium block, the 
temperature of v^ch was controlled by a Eurotiiemi tempo-atinv controller. The 
conductivity curve for ^SF is shown in Figure 1 , curve At 25°C the conductivity was 
10"Scm-*. 

The cyclic vohammogram of the IM lithium imide/Q^F electrolyte solution was 
recorded at 1 .0 mV/s at a Pt working electrode sur&ce with a lithium reference and counter 
electrode, as shown in Figure 2. The electrolyte solution exhibited a high electrochemical 
window, conqrared to the control electrolyte solvent, sulfolane (tetcamethylene sulfone 
available firom Aldiidi Oiemical Co., Milwaukee, WI, and purified before use), measured 
in the same type of electrolyte solution under the same conditions. 
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Example4 

Secondly Cell Employing EMSF Electrolyte Solvent 

Cathodes were &bricated with a composition of 90 wt% LiMn204 (JEC sample No. 

5 3, available from JEC Service Office, Torrance, CA), 7 wt% SAB carbon black (available 
from Chevron Corporation, Baytown, TX) and 3 wt% PVdF binder (Aldrich Chemical 
Co., Milwaukee, WI) by casting a cathode film from tetiahydrofuran solution onto a 
stainless steel current collector. The solvent was allowed to evaporate in air and then in 
vacuum at ca. 80-100°C. The cathode film was compressed between two stainless steel 

10 plates that were strewed together before assembly into test cells. 

Test cells were assembled by placing a Whatman glass fiber filter soaked in the 
electrolyte solution of Example 3 between a lithium disc and the cathode. The cell was 
cycled between 3.3 and 4.4 V vs. Li. The voltage profile is shown in Figure S(a) at a 
IS charge rate of 0.20 mA/an^ The data show that the electrolyte supported the reversible 
energy storage and release over the first 20 cycles. Some capacity loss is observed due to 
die unstalnlized manganate electroactive caOode material. 



A second cell was prq)ared with a cathode active material comprising 
20 LiCro.isMni.98504 (Covalent Associates, Inc., Wobum, MA), and a cathode fihn 

composition of 90 wt% UCrcisMni j8s04, 7 wt% SAB carbon black and 3 wt% PVdF 
binder was prepared as above. Hie voltage profile of the cell is shown in Figure S(b) at a 
charge rate of 03 mAJca^. The 1 M Li imide dectrolyte showed the stable cycling of this 
more stable cathode over tiie first 20 cycles. 

25 

Examples 

Preparation of CF3CtfeS02CH3 (CF3MMSF) 



76.0 g of thiotnea was added to 63.0 g of dimethylsulfiHe in SO mL H2O at room 
30 temperature. The mixture was broi^t up to boiling and kq)t at reflux for 2 hours. After 
cooling to room temperature, SCO g of NaOH was added to the resultant S-alkylated 
intermediate to yield the precursor methyl sulfide anion. To 50 mL of the methylsulfide 
precursor solution containing ca. 0.10 mole of mefliyl sulfide was mixed 10.0 g of 
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CF3CH2CI at O^C in a stainless steel Pair juad absorption bomb with a TEFLON™ liner. 
The sealed bomb was heated to 100°C overnight The intermediate product, CF3CH2SCH3 
was steam distilled to give a 65% yield, and then oxidized in a mixture of 1 : 1 by wt 30% 
H2O2 (in 50% excess) and glacial acetic acid. After the removal of H2O and acetic acid by 
5 evaporation, the product, CF3CH2SO2CH3 was distilled unda vacuum at 87-100°C. 

Example 6 

Characterization of CF3MMSF 

10 AIM LiC104 (Aldrich Chemical Co., Milwaukee, WI) electrolyte solution was 

prepared by dissolving (ca. 80-100°C) the salt in CF3MMSF electrolyte solvent, prepared 
as described in Example 5. The high conductivity, measured as described in Example 3, of 
tiie resulting sohition is shown in Figure 1, curve V. At 25*0 the conductivity was 
10'^* Scm'. 

15 

Example? 

Preparation of ethyl sec-butyl sulfone (EsBSF) 

To 3 1.0 g of ethane diiol (Aldridi Chemical Co., Nfilwaukee, WI) was gradually 
20 added with stirring 25.0 gNaOH man ice water badL The rate of addition was controlled 
so as not to raise the temperature over 40°C. After cooling to ambient temperature, 
46.3 g of sec-butyl chloride was added dn^ wise with vigorous stiiring. To complete die 
reaction, the reaction mixture was refluxed. The product, elhyl-sec-butyl sulfide was 
steam distilled fiom the mixture with a 82% yield. This was further oxidized with H2O2 
25 and acetic acid, as desoibed in Exanq)le 1 , to yield e%l-sec-butyl sulfone. 

Example 8 

Characterization of EsBSF 



30 An electrolyte solution was prepared by dissolving 1 M liMum imide salt in 

EsBSF electrolyte solvent, prepared as described m Example 7. At 25'*C the conductivity 
of the electrolyte solution was 10"^*" Sam"'. 
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The cyclic voltammogram of the dectrolyte solution was recorded at 0. 1 mV/s at a 
Pt working electrode surface as shown in Figure 2. The electrolyte solution exhibited a 
high electrochemical window, compared to the control, suifolane, measured under the 



The cyclic voltammogram of a Li/Im-EsBSF electrolyte solution was measured on 
a graphite working electrode with counter and reference lithium electrodes. The 
reversible lithium intercalation/deintercalation was observed as shown in Figure 4 (a) at a 
scan rate of 0. 1- mV/s with a working area of 0.23 cm^ This result is very similar to that 
observed for other carbonate systems. 

The perfoimance of lithium imide-EsBSF electrolyte solvent in lithium-ion cells 
was farther measured using a gr^hite cathode and a lithium anode in a test cell. The 
charge-discharge curve for 1 M lithium imide/EsBSF electrolyte solution at a working 
composite grqdute electrode with a counter lithium electrode is shown in Figure 4 (b). 
The charge rate was 0.105 mA/cm^ It is seen in this figure diat the intercalation/ 
deintercalation levels are 0.2 V higher than expected. When the cathode load in unit area 
is increased to a reasonable standard (ca. 20 mg/cm^), tihe utilization of the active material 
will drop to about 40%. This behavior is attributed to fbs relatively low conductivity, as 
well as high viscosity, of the EsBSF based electrolyte solution at ambient temperatures. 
This behavior can be overcome by use of a muced electrolyte solution, for example, 
con^risitig EsBSF and eOylene carbonate. The improved performance of a 1 M lithium 
imide/EsBSF:ethylene carbonate (1:1 by volume) mixed electrolyte solution is shown in 
Figure 4 (c). It is expeOed that comparable performance will be obtained using EsBSF 
alone vhea higher temperatures are applied to raise the conductivity. 



[e9 



Electrochemical Measurement of Li Plating/Stripping Efficiency 



The lithium plating/stripping efficiency was measured potentiostatically with a 
three electrode cell comprising a lithium counter electrode, a lithium reference electrode, 
and a Ni woridng electrode. The area of the electrodes are approximately 1 .0, 1 .0, and 9.8 
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X 10"^ cm\ respectively. The two lithium electrodes were suspended in the solution at a 
distance of about 0.7S cm squit, with the Ni woiking electrode placed between them. 

1 M lithium imide electrolyte solutions were prepared from ethyl-sec-butyl sulfone 
5 (EsBSF) (Example 7) and ethylm^yl sulfone (EMSF) (Example 2), and DME 
(dimethoxyethane, available fiom Giant Chonical, Zadiaiy, LA). 

A Solartron SI 1287 electrochemical interface, computer controlled by Corrware 
software was used to perform the measurements.. The working electrode was held at a 
• 10 treatment potential of + 0.5V vs. Li/ Li* for a period of between 30 to 50 seconds. The 
working electrode was then subjected to alternating plating/stripping potentials for five 
successive tests, with a treatment step (as described above) l»tween each test. The testing 
potentials are given in the table below, and the testmg periods run from 1 0 to SO seconds. 

IS The effidency was calculated as the ratio of stripping to deposition charges. The 

values shown in the table below. These results show Oat Li cycling efSdency is higher in 
the methyl ethyl sulfone solution than in the sulfolane solutioa 



Electrolyte 


plating poL, 


stripping 


test 1 


test 2 


test3 


test 4 


tests 


Element 


Vvs. 
Li/ Li" 


pot, V vs. 
Li/ Li" 


eff., % 


c£F., 

% 


efi:, % 


eff., % 


eff., % 


DME 


-0.3 


+ 0.4 


14.0 


8.8 


6.0 


5.6 


6.6 


20 % EsBSF 
in DME 


-0.2 


+ 0.4 


23.7 


20.5 


14.0 


5.6 


8.2 


sulfolane 


-02 


+ 0.4 


46.4 


62.6 


71.0 


75.3 


75.8 


EMSF 


-0.4 


+ 0.5 


71.1 


77J 


80.2 


79.0 


79.7 



20 
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Example 10 

Stability Towards Litinum 

Litliixjm foil was immersed in samples of EMSF and EsBSF, and maintained at ca. 
80 "C for 24 hours. At the end of this time the lithium foil had maintained its luster. Upon 
prolonged treatment (> 2 days) the lithium gradually becomes gray and darkais with time. 
At room teiiq)eratuie the lithium foil is unaffected even after periods of more than 
S weeks. 

Example 1 1 
Salt Solubility 

Lithium bistrifluiomethanesulfone imide (lithium imide) was dissolved in EMSF at 
SO-IOCC. EMSF dissolved litibium imide with concentrations greater than 2.4 M widiout 
precipitation observed when the solutions were cooled to room temperature. 

While iht mvention has been described in detail and with reference to specific 
embodiments thereo:^ it will be qipaient to one skilled in the art that various changes and 
modificatioiis can be made without dqxBling fiom the spirit and scope thereof. 
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CLAIMS 



PCT/IIS98W16M 



An electrolyte element for use in an electric current producing cell, said electrolyte 
element comprising: 

(i) one or more ionic electrolyte salts; and, 

(ii) a non-aqueous electrolyte solvent, which solvent comprises one or more 
fluorindted, non-symmetrical, non-cyclic sulfones of the general formula: 

R*-SOrR* 

vrtierein: 

r' is a partially or fuUyfluorinated linear or branched aO^lgioi^) are having 1 
to 7 carbon atoms; 

is a linear or branched alkyl or partially or fiilly fluorinated linear or 
branched alkyl groiq> are having 1 to 7 carbon atoms; and, 

R' and R' are differenL 

The electrolyte element of claim 1, wherein R' and R' have 1 to 4 carbon atoms. 

The electrolyte element of claim . 1, \\Aieiein said fluorinated, non-symmetiical, 
nonr<^lic sulfone comprises one or more tenninai -CFj groiq)s. 

The electrolyte element of claim 1 , wherein said fhuninated, non-symmetrical, 
non-cyclic sulfone comprises one or more -CFr or -CF< groups. 

The electrolyte element of claim 1, udierein said R' is selected the gamp consistmg 
of: 

triflttorometfayl (-CF3), 
2A2-trifluoroethyl (-CHaCFj), 

1.1- difluorocthyl (-CFaCFfeX 
perfluoroethyl (-CFaCF3), 
33,3-trifluon}-n-propyl(-CH2CH2CF3), 

2.2- difluoro-n-pn)pyl (-CH2CF2CH3), 
1,1-difluoro-n-propyl (-CF2CH2CH3), 
2,233,3-penlafluoroHi-propyl (-C^^CF2CF3), 
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13.33-peBtafluoro-ii-i)ropyl (-CF2CH2CF3), 
perfluoro-n-propyl (-CF2CF2CF3), 
perfluoro-n-butyl (-CF2CF2CF2CF3), 
perfluoro-n-pentyl (-CF2CF2CF2CF2CF3), 
5 peifluoro-n-hexyl (-CT2CF2CF2CF2CF2CF3), 

perfhioro-n-hqrtyl (-CF2CF2CF2CF2CF2CF2CF3), 
-CF(CH3)2. 
-CH(CH3)(CF3), 
-CH(CF3)2, 
10 -CFj(CF3)2. 

-CF2CH(CH3)2. 
-CH2CF(CH3)2. 
-CHiCH(CH3)(CF3), 
-CH2CH(CF3)2. 
15 -CF2CF(CF3)2,and. 
-C(CFj),. 

The ekctiolyte element of claim 1, wfaerein is selected fiom tbe group 
consistiiig of: 

metliyl (-CH3), 
ethyl (-CH2C3I3). 
n-propyl (-CH2CH2CH3). 
p-butyl (-ClfcCafcCHaCIfc), 
itpeaHyl (-CH2CH2CH2afcCH3), 
n-hescyl (-CH2CH2CH2CH2CH2CH3). 
n-hcptyl(-CH2CH2CH2CH2CH2CH2CH3), 
iso-propyl (-CH(CH3)2), 
iso-butyl (-CHaCH{CH3)2). 
sec-butyl (-CHCCHsXCHjCHj)). 
tert-butyl (-CXCHs),), and, 
iso-pentyl (-CH2CH2CH(CH3)2). 



6. 

20 
25 
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7. The electrolyte element of claim 1, wherein said sulfone is selected fh>m die group 
consisting of: CF3CH2SO2CH3 and CFJCH2CH1SQ2CH3 

8. The electrolyte element of claim 1 , wherein the ionic electrolyte salt is selected 
from the group consisting of: 

MCIO4. MAsFfo MSCN. MSO3CF3, MSO3CH3. MBF4. MB(Ph)4, MPFe. 



MC(S02CF3)3,MN(S02CF3)2. MNSOzCFjCFjCFjCFjSOj. 
SOjCF, 

, SO,CF, FjCSO.'^SOjCF, 
OM .and M ; 



FjCSOj^'O'l 



where Mis Li or Na. 

9. , The electrolyte element of claim 1, wherein said electrolyte element further 

comprises one or more liquid electtolyte co-solvents. 

10. The electrolyte element of daim 9, wherein said electrolyte co-solvent is selected 
fiom the group consisting of. carbonates, N-metfayl acetamide, acetonitrile, 
symmetric sulfones, sulfblanes, polyethylene glycols, 1,3-dioxolanes, glymes, 
siloxanes, and ethylene oxide grafted siloxanes, and blends thereof. 

1 1 . The electrolyte element of claim 1, wherein said electrolyte element comprises a 
liquid electrolyte. 

12. The electrolyte elonent of claim 1 1 , wherein said electrolyte element comprises a 



25 13. 



The electrolyte element of claim 1 , wherein said electrolyte element comprises a 
polymer electrolyte or a gel polymer electrolyte. 
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14. The electrolyte element of daim 13, ^erem said polymer electrolyte comprises: 

(i) one or more polymers selected from the groi^ consistiQg of: polyetheis, 
polyethylene oxides, polyimides, polyphosphazenes, polyaciylonitriles, 
polysiloxanes, polyether grafted polysiloxanes, derivatives of the foregoing, 
copolymers of the foregoing, crosslinked and netwotk stmctines of the foregoing 
and blends of the foregoing: and, 

(ii) an ionic electrolyte salt 

15. The electrolyte element of claim 13, vvherein said gel-polymer electrolyte 
con^)rises: 

(i) a polymer matrix selected ftom the group consisting of: polyethylene oxides, 
polypropylene oxides, polyaciylonitriles, polysiloxanes. polyimides, polyethers, 
sulfonated polyimides, peifluoiinated noemhranes (Nafion™ resins), polyethylene 
glycols, polyeOiylene glycol-lns-(mediyI acrylates), polyethyloie glycol-bis(methyl 
methactylates), derivatives of die £siegoing, copolymers of the foregoing, 
crosslinked and netwodc structures of the foregoing, blends of the foregoing; and, 

(ii) an ionic electrolyte salt 

16. The electrolyte element of claim 1, wherein said electrolyte element is stable to 
oxidation at greater than S.O V vs. lithium. 

17. The electrolyte element of claim 1, wherein said electrolyte element is stable to 
. oxidation at greater dian S.S V vs. lithium. 

1 8. The electrolyte element of claim 1 , vtdioein said electrolyte element ftither 
comprises a polysulfide additive. 
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19. An electric current producing cell conqnising: 

(a) a cathode; 

(b) an anode; and, 

(c) a non-aqueous electrolyte element, v^erein said electrolyte element 
comprises: 

(i) one or more ionic electrolyte salts; and, 

(ii) a non-aqueous electrolyte solvent, winch solvent comprises one or more 
non-symmetrical, non-cyclic sulfones of the general foimida: 

wherein: 

R' is a partially or fully fluorinated linear or branched alkyl group are having 1 
to 7 carbon atoms; 

is a linear or branched alkyl or partially or fiilly fIix>Tinated linear or 
branched alkyl group are having 1 to 7 carbon atoms; and, R' and are different 
wherein said electrolyte element is interposed between said cathode and said 



20. The cell of claim 19, wherein R' and have 1 to 4 carbon atoms. 

20 21. The cell of claim 19, wherem said linear or branched alkyl groiq> is selected fiom 
the group consisting of: 

methyl (-CH3), 

ethyl (-CH2CH,). 

n-pippyl (-CHiCHiCHjX 
25 n-butyl(-CH2CH2CH2CHj), 

n-pentyl (-CH2CH1CHJCH2CH3), 

n-hexyl (-CH2CH2CH2CH2CH2CH3). 

n-heptyl(-CH2CH2CH2CH2CH2CH2CH3), 

iso-propyl (-CH (^3)2), 
30 iso-butyl(-CH2CH(CH3)2), 

sec-butyl (-CH (CH3)(C3l2CH3)), 

tert-butyl (-CCCHsW. and, 

iso-pentyl (-CH2CH2CH(CH3)2). 
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22. The cell of claim 1 9, wfaerein said paitially or fiilly fluorinated linear or branched 
alkyl gxovp is selected from ihs group consistiDg of: 

trifluoromethyl (-CF3), 

2^^-trifluoroethyl (-CH2CF3X 

U-difluoroethyl (-CF2CH3), 

perfluoroethyl (-CF2CF3), 

3,3,3-triflw)ro-n-propyl (-CH2CH2CF3), 

2^-difluoio-n-propyI (-CH2CF2CH3), 

1,1-difluoro-n-propyl (-CF2CH2CH3), 

1,1,3,3 ,3-pentafinoio-n-propyl (-CF2CH2CF3), 

2,2,3 ,3,3-pentafluoiD-n-propyl(-CH2CF2CF3), 

perfluoro-n-propyl (-CF2CF2CF3), 

perfluoro-n-butyl (-CF2CF2CF2CF3). 

perfiuoro-n-pentyl (-CF2CF2CF2CF2CF3). 

perflnoio-n-bexyl (-CF2CF2CF2CF2CF2CFJ), 

perfiiioio-n-heptyl(-CF2CF2CF2CF2CF2CF2CT3), 

-CF(CH3)2. 

-CH(CH3XCF3). 

-CH(CF3)2. 

-CF(CF3)2. 

-CF2CH(CH3)2. 

-CHaCF(CH3)2, 

-CH2CH(CH3){CF3). 

-CH2CH(CF3)2, 

-CF2CF(CF3)2,and, 

-C(CF,)3. 

23. The cell of claim 19, wherein said sulfone is selected &om the gtotip consisting of: 
ethylmediyl sulfone, etfayl-sec-bu^l-sulfone, CF3CH2SO2CH3 and 
CFJCH2CH2SO2CH3. 
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24. The ceU of claim 1 9, wherein the ionic electrolyte salt is selected fiom die group 
consisting of: 

MCIO4. MAsFe. MSCN. MSO3CF3, MSO3CH3, MBF4, MB(Ph)4, MPFe, 



MC(S02CF3)3. MN(S02CF3)2, MNSO2CF2CF2CF2CF2SO2, 

F,CSO,'"'V"SOsCF, F,CSO,^^SO,CF, 
OM .and ; 

where M is Li orNa. 

25. The cell of claim 19, wherein said electrolyte element further comprises one or 
more liquid electrolyte co-solvents. 

26. llieceUofdaim 25, wfacRin said electrolyte co-solveDt is selected fiom the group 
consisting of: caibonatBS, N-meOiyl acetamide, acetonitrile, syinmetric sulfones. 
sulfolanes, , polyethylene glycols, U-dioxolanes, glymes. siloxanes, and ethylene 
oxide grafted siloxanes, and blends tiieieof 

27. The cell of claim 1 9, wherem said electrolyte dement conqnises a liquid 
electrolyte. 

28. The cell ofclahn 27, wherein said electrolyte element comprises a porous 
separator. 



29. 



The cell of claim 1 9, ^dierein said electrolyte element comprises a polymer 
electrolyte or a gel polymer electrolyte. 
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30. The cell of claim 29, wherein said polymer electrolyte comprises: 

(i) one or more polymm selected fiom the group consisting of: polyediers, 
polyethylene oxides, polyimides, polyphosphazenes, polyaoylonitriles, 
polysiloxanes, polyether grafted polysiloxanes, derivatives of the foregoing, 

5 copolymers of the foregoing, crosslinked and netwoik structures of the foregoing 

and blends of tiie foregoing; and, 

(ii) an ionic electrolyte salt 



The cell of claim 29, wherein said gel-polymer electrolyte comprises: 

(i) a polymer matrix selected from the group consisting of: polyethylene oxides, 
polypropylene oxides, polyacrylonitriles, polysiloxanes, polyimides, polyethers. 
sulfonated polyimides, perfluorinated membranes (Nafion™ resins), polyethylene 
glycols, polyethylene glycol-bis-(methyl acrylates), polyethylene glycol-bis(methyl 
methacrylatesX derivatives of the foregomg, copolymers of the foregoing, 
crosslinked and netwoik structuies of the foregoing, blends of the foregoing; and, 

(ii) an ionic electrolyte salt 

The cell of claim 19, wherein said anode is selected fiom the gioi^ consistuig of: 
litiiium-metal, hthium-aluniiniim alloys, litfaiuin-tin alloys, lithium-intBrcalated 
carbons, and lithium-intercalated graphites. 



33. The cell of claim 19, wheiein said caAodecoaqnises a cathode active material 
selected fiom the group consisting o£ inorganic insertion oxides and sulfides, 
metal chak»genides, elemental suliiir, oigano-sulfiir polymers, carbon-sulfiir 

25 polymers, conjugated polymers and liquid cathodes. 

34. The oeU of claim 1 9, wherein said cathode fortfao: comprises one or nmtftfjais 
sdected fiom the group consisting of: binders, electrolytes and conductive 
additives. 



30 
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35. A m^hod of forming an electric cunrat producing cell, said method c»mpi^^ 
the steps of: 

(a) providing a cathode, 

(b) providing an anode; and 

(c) providing anon-aqueous electrolyte dement, wherein said electrolyte 



(i) one or more ionic electrolyte salts; and, 

(it) a non-aqueous electrolyte solvent, which solvent comprises one or more 
non-symmetrical, non-cyclic sulfones of the general formula: 
R'-SOrR* 

wdierein: 

R' is a partially or fully fhiorinated Unear or branched alkyl group are having 1 
to 7 carbon atoms; 

is a linear or branched alkyl or partially or fully fluorinated linear or 
branched all^l ffoap are having 1 to 7 carbon atoms; and, R' and R* are different, 
wherein said electrolyte element is inteiposed between said cathode and said 
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Figure 1 
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Figure 3(a) 
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Figure 4(a) 
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Figure 5(b) 
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